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REPLACEMENT CLAIMS 
Please replace Claim 1 with the following: 

1. A method of producing a multilayered printed- circuit 
board, comprising steps of: 

stacking up a laminated sheet covered with conductive foil 
or conductor for an outer layer, a prepreg and a laminated sheet 
covered with conductor for an inner layer; thereafter, 

setting the prepreg by pressurizing/heating; and 

before conducting the pressurizing/heating, gas is sprayed 
on the surfaces of the laminated sheet covered with conductive 
foil or conductor for the outer layer, a prepreg and a laminated 
sheet covered with conductor for the inner layer to eliminate 
impurities from the surfaces. 

Please replace Claim 2 with the following: 

2. The method according to claim 1, wherein said gas is a 
dried gas. 

Please replace Claim 3 with the following: 

3. The method according to claim 2, wherein said dry gas is 
a heated gas. 

Please replace Claim 4 with the following: 

4. A method of producing a multilayered printed-circuit 
board, comprising steps of: 



1 



preparing a plurality of wiring boards having a circuit 
formed with conductive foil, and having through holes filled with 
5 a through hole conduct; or 

multilayering by pressurizing/heating the plurality of 
wiring boards each other, and sprayed gas on a surface of the 
wiring board to eliminate impurities from the wiring board 
surface before pressurizing/heating. 

Please replace Claim 5 with the following: 

5. The method according to claim 1, wherein the pressure 
during said pressurizing step is between 10 to 15 kg/cm 2 . 
Please replace Claim 6 with the following: 

G. A apparatus for producing multilayered printed- circuit 
board, comprising : 

a movable table for laminating and pressurizing molded works 
each other, and 

5 a means for heating said molded works, wherein the space for 

pressurizing the molded works is hermetically sealable and the 
sealable space is provided with an inlet for introducing gas 
therein and an outlet for discharging the gas. 

Please replace Claim 7 with the following: 

7. The apparatus according to claim 6, wherein said inlet 
is disposed in parallel to the laminated face of said molded 
works . 

2 
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REPLACEMENT ABSTRACT OF THE DISCLOSURE 
Please replace the two paragraphs that make up the ABSTRACT 
on Page 16 with the following: 

The present invention provides a method and apparatus for 
producing multilayered printed-circuit boards that eliminates 
resin flow and resolves the problems of board thickness 
discrepancy and misregistration. A method of producing 
5 multilayered printed-circuit boards, comprising the steps of 

stacking up a laminated sheet covered with conductive foil or 
conductor for an outer layer, a prepreg, and a laminated sheet 
covered with conductor for an inner layer and, thereafter, 
setting the prepreg by pressurizing/heating, wherein, before 
10 conducting the pressurizing/heating, gas is conducted to the 

surface of the laminated sheet covered with conductive foil or 
conductor for the outer layer, a prepreg and a laminated sheet 
covered with conductor for the inner layer to eliminate 
impurities from the surfaces. 
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Majr&ed-up Claims 

WHAT IS CLAIMED IS: 

Please amend Claim 1 as follows : 

1. A [producing] method of producing a multilayered 
printed-circuit board, comprising steps ofj_ 

stacking up a laminated sheet covered with conductive foil 
or conductor for an outer layer, a prepreg and a laminated sheet 
5 covered with conductor for an inner layerj_ [and, ] thereafter, 

setting the prepreg by pressurizing/heat ing [ , wherein, 1 ; and 

before conducting the pressurizing/heating, gas is sprayed 
on the surfaces of the laminated sheet covered with conductive 
foil or conductor for the outer layer, a prepreg and a laminated 
10 sheet covered with conductor for the inner layer to eliminate 

impurities from the surfaces. 

Please amend Claim 2 as follows: 

2. The [producing] method [of multilayered printed-circuit 
board] according to claim 1, wherein said gas is a dried [dry] 
gas . 

Please amend Claim 3 as follows : 

3. The [producing] method [of multilayered printed-circuit 
board] according to claim 2, wherein said dry gas is a heated 
gas . 

Please amend Claim 4 as follows : 

4 . A [producing] method of producing a multilayered 
printed-circuit board, comprising steps of_i_ 
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Marked -up Claims 

preparing a plurality of wiring boards having a circuit 
formed with conductive foil, and having through holes filled with 
5 a through hole conduct ; or [, and] 

multilayering by pressurizing/heating the plurality of 
wiring boards each other, and sprayed [wherein] gas [is sprayed] 
on [the] a surface of the wiring board to eliminate impurities 
from the wiring board surface before pressurizing/heating. 

Please amend Claim 5 as follows : 

5. The [producing] method [of multilayered printed-circuit 
board] according to [any one of claims 1 to 4] claim 1 , wherein 
the pressure during said pressurizing step is between 10 to 15 
kg/ cm 2 . 

Please amend Claim 6 as follows: 

6. A [producing] apparatus [of] for producing multilayered 
printed-circuit board, comprising^ 

a movable table for laminating and pressurizing molded works 
each other, and 

5 a means for heating said molded works, wherein the space for 

pressurizing the molded works is hermetically [closed] sealable 
and the [closed] sealable space is provided with an inlet for 
introducing gas therein and an outlet for discharging the gas. 
Please amend Claim 7 as follows : 

7. The [producing] apparatus [of multilayered printed- 
circuit board] according to claim 6, wherein said inlet is 



Afa^r/ced-up Claims 

disposed in parallel to the laminated face of said molded [work] 
works . 
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AfarJced-up Abstract 

ABSTRACT OF THE DISCLOSURE 
The present invention [has an object to provide a producing 
method and producing apparatus of] provides a method and 
apparatus for producing multilayered printed-circuit [board] 
boards that [has eliminated the] eliminates resin flow and 
5 [resolved] resolves the problems of board thickness discrepancy 

and misregistration. A [producing] method of producing 
multilayered printed-circuit [board] boards , comprising the steps 
of stacking up a laminated sheet covered with conductive foil or 
conductor for an outer layer, a prepreg^ and a laminated sheet 

10 covered with conductor for an inner layer and, thereafter, 

setting the prepreg by pressurizing/heating, wherein, before 
conducting the pressurizing/heating, gas is [sprayed] conducted 
to the surface of the laminated sheet covered with conductive 
foil or conductor for the outer layer, a prepreg and a laminated 

15 sheet covered with conductor for the inner layer to eliminate 

impurities from the [surface] surfaces . 
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VERIFICATION OF A TRANSLATION 



I, the below name translator, hereby declare that: 
My name and post office address are as stated below; 
That I am knowledgeable in the English language and in 
the language in which the below identified international 
application was filed, and that I believed the English 
translation of the international application PCT/ JPOO /05393 
is a true and complete translation of the above-identified 
international application as filed, 

I hereby declare that all statement made herein of my 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful faloc 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize validity of the application or any patent issued 
thereon. 



Full name of the translator: 
Signature of the translator: 
Dale : 

PusL Oriicfci Address: 



Satoshi HOSHIKOSHI 




2nd floor, Fuji Building 
5-11, Kudanminami 4-chome 
Chiyoda-ku, Tokyo 102-0074 

JAPAN 
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DESCRIPTION 

PRODUCING METHOD OF MULTI LAYERED PRINTED-CIRCUIT BOARD 
AND PRODUCING APPARATUS THEREOF 
TECHNICAL FIELD 

5 The present invention concerns a producing method of multilayered 

printed-circuit board and a producing apparatus thereof, and more particularly a 
producing method of multilayered printed-circuit board appropriate for 
preparing a multilayered printed-circuit board appropriate for a package or the 
like for containing semiconductor devices provided with wiring layers comprising 

1 0 mainly low resistance metals such as copper or through holes conductor filled 
with metal paste or others on a surface of an insulating layer containing organic 
resins and a producing apparatus thereof. 
BACKGROUND ART 

Conventionally, for producing method of multilayered printed-circuit 

15 board, a technique comprising the steps of laminating an inner layer material 
(core material) where a circuit is formed on an dielectric cover and an outer 
layer material (or conductive foil) through a prcprog, and adhering the inner 
layer material and the outer layer material by pressurizing and heating them to 
multilayer is known. 

20 More in detail, the method comprised the following steps: 

1 . Perforation of a reference hole in the inner layer material 

2. Circuit formation by etching (photolitho process) copper foil of the inner layer 

3. Black oxide treatment of copper 

The black oxide treatment is performed for the purpose of improvement 
25 of resin wetting by forming carpet-shape pile through oxidation of the copper foil 
surface for increasing the adhesion resistance between the copper foil and the 
prepreg, and more specifically, it is performed by the following steps. 



1 



RECEIVED: 2/12/02 7:29; ->RANDALL J. KNUTH, P.C.; #852:. PAGE „ & „ „ ir . _,. , „ 

02/12/2002 21:20 0332610681 FUKUMORI P.O. V~y v 09/37 



Degreasing -* soft etching (roughing chemically the circuit surface of the 
core material to prepare the board for black oxide treatment) > sulfuric acid 
washing (having the purpose of removing smut generated by soft etching and 
rinse) -» predep, (common chemical treatment for preventing liquid from 
5 dragging in the black oxide treatment tank) black oxide treatment -> drying 
(remove moisture of black oxide treatment) 

4. Laminating press 

5. Through hole perforation 

6. Through hole inner wall covering 

10 7. Circuit formation by etching of copper foil of outer layer (photolitho process) 
8. Shape processing 

The laminating press process consists in setting and adhering non set 
resin of prepreg through pressurizing and heating of blacking treated core 
material, prepreg and outer layer material (or copper foil). 

15 Conventionally, in the case of using epoxy resin as prepreg, the 

laminating press process has been carried out under a pressure ot 20 to 40 
kg/cm 2 , temperature equal or superior to 1 70 °C for 20 minutes or longer. 

However, in the conventional producing method mentioned above, there 
was an inconveniency that the resin flowed in quantity after setting, the board 

20 thickness was irregular, and the workability was impeded. 

On the other hand, recently, black oxide treatment is required also for the 
high-integration of the multilayered printed-circuit board. As a technology to 
cope with such requirement, a so-called blind via hole technology is being 
developed. This consists in perforating a through hole beforehand (before press 

25 lamination) in the insulator board of the inner layer, covering the through hole 
wilh copper, or filling the through hole wilh conductive paste (thermosetting 
resin mixed with conductive powder) to obtain a through hole conductor. Such 



2 



RECEIVED : 2/12/02 7:29; - >RANDALL U. KNUTH , P.C. 

02/12/2002 21:20 0332610681 



„JL fl.Ji iU 
FUKUMORI P.O. 



-y 1 



technology is a technology allowing to realize a high black oxide treatment of 
multilayered printed-circuit board . 

However, in the case of applying the aforementioned conventional 
producing method of multilayered printed-circuit board to such blind via hole 
5 technology, there was a problem of inhibiting to cope with the filing because of 
dislocation between a plurality of layers. 

The present invention resolves problems of the aforementioned 
conventional technology, and has an object to provide a producing method of 
multilayered printed-circuit board that has eliminated the resin flow and resolved 
1 0 the problems of board thickness discrepancy and misregistration. 

Thereby, it has an object of providing a producing method of highly 
multilayered and highly precise multilayered printed-circuit board and producing 
apparatus maintaining a good productivity and a high reliability. 

The present invention has an object to provide a producing apparatus of 
15 multilayered printed-circuit board that has limited the board thickness 
dispersions, improved the workability and eliminated misregistration. 
DISCLOSURE OF INVENTION 

The producing method of multilayered printed-circuit board of the present 
invention comprises steps of stacking up a laminated sheet covered with 

2Q conductive foil or conductor for outer layer, a prepreg and a laminated sheet 
covered with conductor for Inner layer and, thereafter, setting the prepreg by 
prassijri7ing/hfiating and is charanteri7eri hy that, hesfnre conducting the 
pressurizing/heating, gas is sprayed to the surface of the laminated sheet 
covered with conductive foil or conductor for outer layer, a prepreg and a 

25 laminated sheet covered with conductor for inner layer to eliminate impurities 
from the suifaue. 
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The producing method of muitilayered printed-circuit board of the 
present invention comprises steps of preparing a plurality of wiring boards 
having a circuit formed with conductive foil, and having through holes covered 
with copper or filled with conductive paste, and multilayering by 
5 pressurizing/heating the plurality of wiring boards each other, and is 
characterized by that gas is sprayed to the surface of the wiring board for 
eliminating impurities from the surface. 

The producing apparatus of muitilayered printed-circuit board of the 
present invention comprises a movable table for laminating and pressurizing 
10 molded works each other, and means for heating said molded works and, is 
characterized by that the space for pressurizing the molded works is 
hermetically closed and the closed space is provided with an inlet for 
introducing gas therein and an outlet for discharging the gas. 
FUNCTION 

1 5 Now, functions of the present invention shall be described together with 

findings in the course of achieving the present invention. 

In the producing method of muitilayered printed-circuit board , the resin 
flow was important, the discrepancy of board thickness was large, the 
workability was inhibited, and the misregistration was provoked; however, the 

20 Inventor has studied diligently the reason thereof, and found that the reason 
consists in impurities (especially humidity) remaining on the surface of molded 
works (outer layer material, conductive foil, inner layor material, prepreg or 
others). 

In short, before the laminating press process, the inner layer material is 
25 submitted to the black oxide treatment, which is a wet treatment depositing 
humidity on the surface. Though humidity was removed by drying (120 °C) after 
black oxide treatment, the humidity was not removed sufficiently. In addition. 
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exposure to the atmosphere between drying and laminating press provoked the 
deposition of humidity. 

In the case of laminating press with humidity deposited to the surface of 
molded works, peeling-off or swelling are provoked. 
5 On the other hand, it was obliged to increase the press pressure in order 

to laminate all the way maintaining the adhesion force; consequently, a high 
press pressure as 20 to 40 kg/cm 2 was used. 

However, such a high press pressure, increased the resin flow, and 
provoked various problems. 
10 On the other hand, in case when humidity or other impurities are 

eliminated, it was found that the adhesion force can be maintained even under 
a low press pressure. 

It may enough to dash gas over the surface of a molded work to 
eliminate impurities. The space for laminating press is purged by closing and 
15 dashing gas in this space, moisture or other impurities are taken away from the 
surface of a molded work by the gas, and impurities are removed Trom the 
surface. The gas is preferable inert (especially argon gas, nitrogen gas). 
Particularly, the impurity concentration in the gas is preferably equal or inferior 
to 50 ppb, and more preferably equal or inferior to 10 ppb. The use of such high 
20 purity gas allows to prevent impurities from being brought from the gas. The gas 
pressure may be a normal pressure. 

Besides, the gas is dashed prefgrably in a direction horizontal to the 
laminating face of the molded work. 

Further, it is preferable to heat the molded work when dashing the gas. 
25 The heating temperature is preferably 60 to 70 C C. An excessively high 
temperature sets the prepreg. 
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BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a seulion of a producing apparatus of multilayered printed-ciruuil 
board according to an embodiment of the present invention; 

Fig. 2 is a flow chart showing steps of a producing method of 
5 multilayered printed-circuit board according to an example of the present 
invention; and 

Fig. 3 is a section showing steps of the producing method of multilayered 
printed-circuit board according to the example of the present invention. 

(Description of Symbols) 
2a f 2b Die (cover) 
3a, 3b Stainless board 

4a, 4b Laminated sheet covered with copper for outer layer 

5 Prepreg 

6 Laminated sheet covered with copper for inner layer 
7a, 7b Heater or heating by heat transfer oil 

9 Outlet 

10 Inlet 

1 1 Space 

13 Gas (gas) 

14 Heater 

1 5 Gas supply pipe. 

BEST MODE OF CARRING OUT THE INVENTION 
25 (Laminated sheet covered with electric conductor for inner layer) 

The laminated sheet covered with electric conductor for Inner layer Is an 
inner layer material and, here, the inner layer includes signal layer, power 
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supply layer, ground layer or other conductive patterns placed inside the board 
other than conductive patterns placed in the outsides which are surface or back 
outer layers of a multilayered printed-wiring board. 

Conductors include generally copper or copper alloys. As other 
5 conductors, for example, silver, aluminum, gold or alloys containing one or more 
of them, and, Ni-Cr alloy or the like are used. 

It is preferable to apply the inner layer circuit surface treatment to the 
inner layer The inner layer circuit surface treatment is a surface treatment for 
creating a fine relief on the conductor surface in order to improve the adhesion 
10 force of the inner layer circuit. Black oxide treatment, copper oxide reduction 
method, micro-etching method, electroless method and DT (double treatment) 
cooper foil or others can be enumerated. 

As base member (inner layer material) for covering electric conductors 
composing a laminated sheet, thermosetting resins such as epoxy resin, 
15 polyimide resin or other resins, laminated sheet impregnating glass with them, 
aluminum nitride, silicon carbide, alumina or other ceramics are used. 
(Laminated sheet covered with electric conductor for outer layer) 

The outer layer is a layer of conductor patterns on both faces of a 
multilayered printed-wiring board. 
20 The electric conductor is similar to the laminated sheet covered with 

electric conductor for inner layer. 

An electric conductor foil may he nseri in placn of laminated sheet 
covered with electric conductor for outer layer. 
(Prepreg) 

25 It is an adhesion sheet made into a half set B stage state by 

impregnating a glass cloth of reinforcing material with a thermosetting resin. 
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As thermosetting resin, phenol resin, epoxy resin, polyimide resin, 
altered polyimide resin, urea resin, melamine resin, silicone resin, polyurethane 
resin, non saturated polyester resin, aril resin or others can be cited. 

Besides, filler can be combined with them in order to increase the 
5 strength of the wiring board. 
(Through hole) 

In case of forming a through hole after the laminating press, perforation 
may be performed by a drill or the like and then, the inner wall of the through 
hole may be covered. 

10 In case of via hole, the perforation is performed in the prepreg by a 

publicly known method such as drill, punching, sandblast, laser or others. 

Then, the hole inside is covered with copper or filled with electric 
conductor paste. The electric conductor paste is prepared by kneading an 
electric conductor powder and a binder made of thermal conductive resin. As 
15 electric conductor, copper, silver, aluminum or other metals are used. As 
thermosetting resin, those mentioned above may be used. 

The hole inside is filled with a sufficient quantity of electric conductive 
paste, the electric conductive paste is set, and flushed by polishing or the like. 
As through hole, holes of 30 Mm in diameter may be opened with an 
20 interval of 30 m m. 

While the gap of through hole conductor was as large as 150 Mm in the 
related art, as it is possible to reduce the gap of through hole conductor to ± 20 
M m in the present invention, no connection deficiency appears even for 
diameter 50 Mm and interval 50 Mm. 
25 (Impurity elimination) 

In the present Invention, impurities, mainly moisture, are removed from 
the surface of the molded work, before performing the laminating press. The 
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molded work is placed in the space for laminating press before removing 
impurities. !n short, after arrangement in the space, impurities are removed from 
the surface of the molded work by dashing gas of high purity in the space and 
purging the space. Purge time and frequency are not necessarily evident; 
5 however, the relation between time/frequency and moisture elimination quantity 
may be determined beforehand by experiment using a real press machine, and 
they may be decided based on the results thereof. 

It should be appreciated that is it important to eliminate impurities just 
before performing the press lamination. Because, even if moisture is removed 

10 out of the space for performing the laminating press, impurities such as 
moisture deposit instantaneously on the surface of a molded work if the same is 
exposed to the atmosphere during the ulterior transport to the space for 
performing the laminating press. It is the case even in a clean room. 
Nonetheless, the effect of the present invention can be achieved similarly in the 

15 case of eliminating impurities outside the space for press lamination and, 
thereafter, the molded work is contained in a transport box or the like whose 
inside is isolated from the atmosphere, and transported to the space for press 
lamination. 

As gas, a dry gas not containing moisture is preferable. Besides, it is 
20 preferable to use a heated gas. As for gas temperature, 60 to 70 °C is 
preferable. 

It should be appreciated that it is necessary to arrange disposing 
interstices between molded works each other in order to eliminate impurities in 
the space for performing the laminating press and, for instance, a hand holding 
25 the molded work at the corner section or side face of the molded work may be 
provided in an advanceable /retractable state. The molded work floats in a stole 
placed on the hand, gas is dashed in this state to remove impurities, and after 



9 



RECEIVED: 2/12/02 7:30; ->RANDALL U. KNUTH , P.C.; #6S2; B P^.U-"-}, i, tun, r'i, y-ii * n b — 1 * 

JL 13 0 *4 - 5 + y h O t* ri li I J 

02/12/2802 21:20 0332610681 FUKUMORI P.O. V -y" 17/37 



impurity elimination, the hand is retracted, and molded works are laminated 
each other before performing the press lamination. 
(Press Lamination) 

In the present invention, as pressurizing pressure for performing the 
5 press lamination, a pressure less than the related art, 15 kg/cm 2 is used 
preferably. A multilayered printed-circuit board of good adhesion without 
swelling can be obtained even under such a low pressure. 

The press lamination may be performed by any of pin lamination method, 
mass lamination method, or sequential lamination method. 
10 (Laminating apparatus) 

Fig. 1 shows a producing apparatus of multilayered printed-circuit board 
according to an embodiment of the present invention. 

The apparatus comprises die covers 2a f 2b for laminating and 
pressurizing molded works (laminated sheet covered with copper for outer layer 
15 4a, 4b, laminated sheet covered with copper for inner layer 6) each other, and 
means for heating the molded works 4a, 4b, 6 (heater 7a, 7b), a space 11 for 
pressurizing the molded works 4a, 4b, 6 is closed and, at the same time, the 
closed space 11 is provided with an inlet 10 for introducing gas 13 therein and 
an outlet 9 for discharging the gas. 
20 In this example, the inlet 10 is disposed at two points, and arranged to 

dash the gas In parallel with the laminated surface of the molded works 4a, 4b, 
& Two or more inlets 10 may be installed. Besides, a heater 14 for heating the 
gas is disposed in the middle of gas supply pipe 15. 

On the other hand, the outlet 9 is disposed at an opposed position across 
25 the inlet 10 and the space 11. Consequently, the gas convection is reduced, 
and Impurities are removed more efficiently. 
Examples 
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(Example 1) 

Laminated sheels covered with copper for outer layer 4a, 4b, a 
laminated sheet covered with copper for outer layer 6 and a prepreg 5 as glue 
were prepared, stacked and perforated with a reference hole. 
5 In this example, epoxy resin was used for the outer layer material of the 

laminated sheet covered with copper for outer layer 4a, 4b and for the inner 
layer material of the laminated sheet covered with copper for inner layer 6. Ateo, 
as prepreg, a glass cloth impregnated with epoxy resin was used. 

After perforating the reference hole, only the laminated sheet covered 
10 with copper for inner layer 6 was taken out, and an inner layer pattern based on 
the design was formed. 

Then, the copper foil surface of the inner layer pattern was covered with 
black oxide as roughening treatment. 

The prepreg was put between the laminated sheet covered with copper 
1 5 for inner layer 6 and the laminated sheet covered with copper for outer layer 4a, 
4b. 

However, an interstice was provided between the laminated sheets 
covered with copper for outer layer 4a, 4b, laminated sheet covered with copper 
for outer layer 6 and prepreg 5 and gas introduced into the space 11 from the 

20 inlet 1 0 and heated to 70 °C circulated in parallel to the laminated face. It should 
be appreciated that, for instance, the corner section of the sheet may made 
supportable by a point, in order to dispose a space between the laminated 
sheets covered with copper for outer layer, laminated sheet covered with 
copper for outer layer and prepreg. 

25 A guide pin was passed through the reference hole opened in the 

previous step, and a relative misregistration among respective layer conductor 
patterns. 
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They are pressed by stainless board 3a, 3b and press laminated. The 
temperature was 170 °C, time 30 min and pressure 15 kg/cm*. 

The quantity of resin forced out from the board end after the press 
lamination was measured to obtain 1 mm or less. 
5 Next, copper of the outer layer was etched by a publicly known method, 

to form a wiring pattern. 

The following tests were carried out for the multilayered printed-circuit 
board prepared as mentioned above. In short, the multilayered printed-circuit 
board was boiled for four (4) hours, dipped in a solder of 260 °C for 20 sec, and 
10 exfoliation and swelling were observed. 

As the result, no exfoliation and swelling were remarked. 

It should be appreciated that, in the case of setting the pressurizing 
pressure to 10 kg/cm 2 , similarly, no exfoliation and swelling were remarked, but 
in the case of setting to 8 kg/cm 2 , a slight swelling was observed. 
15 (Example 2) 

In this example, the lamination was carried out by a sequential lamination 
method lamination method ao shown in Fig. 2. 

In this example also, the quantity of forced out resin was 1 mm or less 
between respective layers. 
20 In addition, no exfoliation and swelling were remarked. 

(Example 3) 

In this example, a through hole 21 of 50 ix m in diameter was formed in a 
laminated sheet of epoxy resin covered with copper (thickness 80 ix m) and 
filled with a copper paste 22 made of copper powder and cellulose and dried. 
25 Moreover, a circuit pattern 23 was formed on the laminated sheet 

covered with copper 20 by a publicly known method, to obtain a single wiring 
board 24 (Fig. 3 (d)). 
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Single circuit boards 24a, 24b are produced according to the same 
procedures as the above. 

Three (3) single wiring boards 24a. 24b, 24c and a prepreg were 
disposed in the producing apparatus of multilayered printed-circuit board shown 
5 in Fig. 1, and an argon gas of 10 ppb or less in impurity concentration was 
dashed into the space 1 1 . The temperature of argon gas was set to 70 °C. 

Next, dies 2a, 2b were heated to 170 'C, and compressed by a 
pressurizing pressure 15 kg/cm 2 . Exfoliation and swelling were observed as in 
the example 1 , and no exfoliation and swelling were remarked. 
10 On the other hand, deformation and misregistration of through hole 

conductor were measured, to find the misregistration to be 20 Mm or less. 

INDUSTRIAL APPLICABILITY 

According to the present invention, a multilayered printed-circuit board 
15 exempt of exfoliation and swelling and presenting considerably less 
misregistration of through hole conductor than the prior art can be produced. 
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CLAIMS 

1. A producing method of multilayered printed-circuit board, comprising 
steps of stacking up a laminated sheet covered with conductive foil or conductor 
for outer layer, a prepreg and a laminated sheet covered with conductor for 
5 inner layer and, thereafter, setting the prepreg by pressurizing/heating, wherein, 
before conducting the pressurizing/heating, gas is sprayed on the surfaces of 
the laminated sheet covered with conductive foil or conductor for outer layer, a 
prepreg and a laminated sheet covered with conductor for inner layer to 
eliminate impurities from the surfaces. 
10 2. The producing method of multilayered printed-circuit board according 

to claim 1, wherein said gas is dry gas. 

3. The producing method of multilayered printed-circuit board according 
to claim 2, wherein said dry gas is heated gas. 

4. A producing method of multilayered printed-circuit board, comprising 
15 steps of preparing a plurality of wiring boards having a circuit formed with 

conductive foil, and having through holes filled with through hole conduct, and 
multilayering by pressurizing/heating the plurality of wiring boards each other, 
wherein gas is sprayed on the surface of the wiring board to eliminate impurities 
from the surface before pressurizing/heating. 
20 5. The producing method of multilayered printed-circuit board according 

to any one of claims 1 to 4, wherein the pressure during said pressurizing is 10 
to 1 5 kg/cm 2 . 

6. A producing apparatus of multilayered printed-circuit board, 
comprising a movable table for laminating and pressurizing molded works each 
25 other, and a means for heating said molded works, wherein the space for 
pressurizing the molded works is hermetically closed and the closed space Is 
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provided with an inlet for introducing gas therein and an outlet for discharging 
the gas. 

7. The producing apparatus of multilayered printed-circuit board 
according to claim 6, wherein said inlet is disposed in parallel to the laminated 
5 face of said molded work. 
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ABSTRACT 

The present invention has an object to provide a producing method and 
producing apparatus of multilayered printed-circuit board that has eliminated 
5 the resin flow and resolved the problems of board thickness discrepancy and 
misregistration. 

A producing method of multilayered printed-circuit board , comprising 
steps of stacking up a laminated sheet covered with conductive foil or conductor 
for outer layer, a prepreg and a laminated sheet covered with conductor for 
10 inner layer and, thereafter, setting the prepreg by pressurizing/heating, wherein, 
before conducting the pressurizing/heating, gas is sprayed to the surface of the 
laminated sheet covered with conductive foil or conductor for outer layer, a 
prepreg and a laminated sheet covered with conductor for inner layer to 
eliminate impurities from the surface. 
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PRODUCING METHOD OF MULT I LAYERED PRINTED -CIRCUIT BOARD AND 

PRODUCING APPARATUS THEREOF 



BACKGROUND OF THE SPECIFICATION 



1 . 



Field of the invention. 



The present invention concerns a method of producing 



mult ilayered printed-circuit boards and a producing apparatus 
thereof, and more particularly a method of producing mult ilayered 
printed-circuit boards appropriate for preparing a multilayered 
printed-circuit board appropriate for a package containing 
semiconductor devices provided with wiring layers comprising 
mainly of low resistance metals such as copper or through hole 
conductors filled with metal paste or others material on a 
surface of an insulating layer containing organic resins and an 
apparatus for producing same. 
2 . Background of the related art . 

Conventionally, a method for producing multilayered printed- 
circuit boards, a technique is utilized comprising the steps of 
laminating an inner layer material (core material) where a 
circuit is formed on an dielectric cover and an outer layer 
material (or conductive foil) through a prepreg, and adhering the 
inner layer material and the outer layer material by pressurizing 
and heating them to multilayer. 

More in detail, the method comprised the following steps: 
1. Perforation of a reference hole in the inner layer 
material 
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2. Circuit formation by etching (photolitho process) a 
copper foil of the inner layer 

3 . Black oxide treatment of the copper 

The black oxide treatment is performed for the purpose of 
5 improvement of resin wetting by forming carpet - shaped pile 

through oxidation of the copper foil surface for increasing the 
adhesion resistance between the copper foil and the prepreg, and 
more specifically, it is performed by the following steps. 

Degreasing is followed by soft etching (e.g., chemically 
10 roughing the circuit surface of the core material to prepare the 

board for black oxide treatment) then followed by sulfuric acid 
washing (having the purpose of removing debris generated by soft 
etching and rinse) then predep . (a common chemical treatment for 
preventing liquid from dragging in the black oxide treatment 
15 tank) then black oxide treatment then drying (to remove moisture 

of black oxide treatment) . 

4. Laminating press 

5. Through hole perforation 

6. Through hole inner wall covering 

20 7. Circuit formation by etching of copper foil of outer 

layer (photolitho process) 
8 . Shape processing 

The laminating press process consists in setting and 
adhering a non-set resin of the prepreg through pressurizing and 
25 heating of blacking treated core material, prepreg and outer 

layer material (or copper foil) . 
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Conventionally, in the case of using epoxy resin as prepreg, 
the laminating press process has been carried out under a 
pressure of 2 0 to 4 0 kg/cm 2 , temperature equal or superior to 
170°C for 20 minutes or longer. 

However, in the conventional producing method mentioned 
above, there was an inconveniency that the resin flowed in 
quantity after setting, the board thickness was irregular, and 
the workability was impeded. 

On the other hand, recently, black oxide treatment is 
required also for the high- integration of the multilayered 
printed-circuit board. As a technology to cope with such 
requirement, a so-called blind hole technology is being 
developed. This consists in perforating a through hole 
beforehand (before press lamination) in the insulator board of 
the inner layer, covering the through hole with copper, or 
filling the through hole with conductive paste (thermosetting 
resin mixed with conductive powder) to obtain a through hole 
conductor. Such technology is a technology allowing to realize a 
high black oxide treatment of multilayered printed-circuit board. 

However, in the case of applying the aforementioned 
conventional producing method of multilayered printed-circuit 
board to such blind hole technology, there was a problem of 
inhibiting to cope with the filing because of dislocation between 
a plurality of layers. 

The present invention resolves problems of the 
aforementioned conventional technology, and has an object to 
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provide a method of producing mult i layered printed-circuit board 
that has eliminated the resin flow and resolved the problems of 
board thickness discrepancy and misregistration. 

Thereby, it has an object of providing a method of producing 
highly multilayered and highly precise multilayered printed- 
circuit boards and producing apparatus maintaining a good 
productivity and a high reliability. 

The present invention has an object to provide an apparatus 
of producing multilayered printed-circuit board that has limited 
the board thickness dispersions, improved the workability and 
el iminated misregistration . 

SUMMARY OF THE INVENTION 

The method of producing multilayered printed-circuit boards 
of the present invention comprises steps of stacking up a 
laminated sheet covered with conductive foil or a conductor for 
outer layer, a prepreg and a laminated sheet covered with a 
conductor for an inner layer and, thereafter, setting the prepreg 
by pressurizing/heating and is characterized by that, before 
conducting the pressurizing/heating, gas or fluid is sprayed to 
the surface of the laminated sheet covered with conductive foil 
or the conductor for the outer layer, a prepreg and a laminated 
sheet covered with conductor for the inner layer to eliminate 
impurities from the surface. 

The method of producing multilayered printed-circuit boards 
of the present invention comprises steps of preparing a plurality 
of wiring boards having a circuit formed with conductive foil, 
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and having through holes covered with copper or filled with 
conductive paste, and mult i layering by pressurizing/heating the 
plurality of wiring boards each other, and is characterized by 
that gas is sprayed to the surface of the wiring board for 
eliminating impurities from the surface. 

The apparatus for producing multilayered printed-circuit 
board of the present invention comprises a movable table for 
laminating and pressurizing molded works each other, and means 
for heating said molded works and, is characterized by that the 
space for pressurizing the molded works is hermetically closed 
and the closed space is provided with an inlet for introducing 
gas therein and an outlet for discharging the gas. 
FUNCTION 

Now, functions of the present invention shall be described 
together with findings in the course of achieving the present 
invention . 

In the method of producing multilayered printed-circuit 
boards, the resin flow was important, the discrepancy of board 
thickness was large, the workability was inhibited, and the 
misregistration was provoked; however, the Inventor has studied 
diligently the reason thereof, and found that the reason consists 
in impurities (especially humidity) remaining on the surface of 
molded works (e.g., outer layer material, conductive foil, inner 
layer material, prepreg or others) . 

In short, before the laminating press process, the inner 
layer material is submitted to the black oxide treatment, which 
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is a wet treatment depositing humidity on the surface. Though 
humidity was removed by drying (12 0°C) after black oxide 
treatment, the humidity was not removed sufficiently. In 
addition, exposure to the atmosphere between drying and 
laminating press provoked the deposition of humidity. 

In the case of a laminating press with humidity deposited to 
the surface of molded works, peeling-off or swelling are 
provoked . 

On the other hand, it was obliged to increase the press 
pressure in order to laminate completely while maintaining the 
adhesion force; consequently, a high press pressure as 20 to 40 
kg/cm 2 was used. 

However, such a high press pressure, increased the resin 
flow, and provoked various problems. 

On the other hand, in case when humidity or other impurities 
are eliminated, it was found that the adhesion force can be 
maintained even under a low press pressure. 

It may enough to flow gas over the surface of a molded work 
to eliminate impurities. The compression space for the 
laminating press is purged by closing and flowing gas in this 
space, moisture or other impurities are taken away from the 
surface of a molded work by the gas, and impurities are removed 
from the surface. The gas is preferable inert (preferably argon 
gas, nitrogen gas) . Particularly, the impurity concentration in 
the gas is preferably equal or less than 50 ppb, and more 
preferably equal or less than 10 ppb. The use of such high 
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purity gas allows to prevent impurities from being brought from 
the gas. The gas pressure may be a normal pressure. 

Besides, the gas is flowed preferably in a direction 
horizontal to the laminating face of the molded work. 
5 Further, it is preferable to heat the molded work when 

flowing the gas. The heating temperature is preferably 60°C to 
70°C. An excessively high temperature sets the prepreg . 

BRIEF DESCRIPTION OF DRAWINGS 
The above-mentioned and other features and advantages of 
10 this invention, and the manner of attaining them, will become 

more apparent and the invention will be better understood by 
reference to the following description of an embodiment of the 
invention taken in conjunction with the accompanying drawings, 
wherein : 

15 Fig. 1 is a section of an apparatus producing multilayered 

printed-circuit boards according to an embodiment of the present 
invention; 

Fig. 2 is a flow chart showing steps of a method producing 
multilayered printed-circuit board according to an example of the 
2 0 present invention; and 

Fig. 3 is a section showing steps of the producing method of 
multilayered printed-circuit board according to the example of 
the present invention. 

Corresponding reference characters indicate corresponding 
25 parts throughout the several views. The exemplification set out 

herein illustrates one preferred embodiment of the invention, in 
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one form, and such exemplification is not to be construed as 
limiting the scope of the invention in any manner. 
Description of Symbols 
Die (cover) 
Stainless board 

Laminated sheet covered with copper for outer layer 
Prepreg 

Laminated sheet covered with copper for inner layer 
Heater or heating by heat transfer oil 
10 9 Outlet 

Inlet 
Space 
Gas (gas) 
Heater 

15 15 Gas supply pipe. 

DETAILED DESCRIPTION OF THE INVENTION 
Best Mode of Carrying out the Invention 

(Laminated sheet covered with electric conductor for inner 
layer) 

20 The laminated sheet covered with an electric conductor for 

the inner layer is an inner layer material and, here, the inner 
layer includes a signal layer, power supply layer, ground layer 
or other conductive patterns placed inside the board other than 
conductive patterns placed in the outsides which are the surface 

25 or back outer layers of a multilayered printed-wiring board. 
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3b 
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4b 
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Conductors include generally copper or copper alloys. As 
other conductors, for example, silver, aluminum, gold or alloys 
containing one or more of them, and, Ni-Cr alloy or the like are 
used . 

5 It is preferable to apply the inner layer circuit surface 

treatment to the inner layer. The inner layer circuit surface 
treatment is a surface treatment for creating a fine relief on 
the conductor surface in order to improve the adhesion force of 
the inner layer circuit. Black oxide treatment, copper oxide 
10 reduction method, micro-etching method, electroless method and DT 

(double treatment) cooper foil or others can be enumerated. 

As a base member (inner layer material) for covering 
electric conductors composing a laminated sheet, thermosetting 
resins such as epoxy resin, polyimide resin or other resins, 
15 laminated sheets having impregnating glass with them, aluminum 

nitride, silicon carbide, alumina or other ceramics are used. 

(Laminated sheet covered with electric conductor for outer 
layer) 

The outer layer is a layer of conductor patterns on both 
20 faces of a multilayered printed-wiring board. 

The electric conductor is similar to the laminated sheet 
covered with electric conductor for inner layer. 

An electric conductor foil may be used in place of a 
laminated sheet covered with electric conductor for an outer 
2 5 layer. 
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(Prepreg) 

Prepreg is an adhesion sheet made into a half set B stage 
state by impregnating a glass cloth of reinforcing material with 
a thermosetting resin. 
5 As thermosetting resin, phenol resin, epoxy resin, polyimide 

resin, altered polyimide resin, urea resin, melamine resin, 
silicone resin, polyurethane resin, non saturated polyester 
resin, aril resin or others can be cited. 

Also, fillers can be combined with them in order to increase 
10 the strength of the wiring board. 

(Through hole) 

In case of forming a through hole after the laminating 
press, perforation may be performed by a drill or the like and 
then, the inner wall of the through hole may be covered or 
15 coated. 

In case of a via hole, the perforation is performed in the 
prepreg by a publicly known method such as drill, punching, 
sandblast, laser or others. 

Then, the hole inside is covered with copper or filled with 
20 electric conductor paste. The electric conductor paste is 

prepared by kneading an electric conductor powder and a binder 
made of thermal conductive resin. As an electric conductor, 
copper, silver, aluminum or other metals are used. As 
thermosetting resin, those mentioned above may be used. 
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The hole inside is filled with a sufficient quantity of 
electric conductive paste, the electric conductive paste is set, 
and flushed by polishing or the like. 

As a through hole, holes of 3 0 ^m in diameter may be opened 
5 with an interval of 3 0 /im. 

While the gap of through hole conductor was as large as 150 
fxm in the related art, as it is possible to reduce the gap of 
through hole conductor to + 20 /im in the present invention, no 
connection deficiency appears even for diameter 50 /im and 
10 interval 50 /xm. 

(Impurity elimination) 

In the present invention, impurities, mainly moisture, are 
removed from the surface of the molded work, before performing on 
the laminating press. The molded work is placed in the space for 

15 laminating before removing impurities. In short, after 

arrangement in the space, impurities are removed from the surface 
of the molded work by flowing gas of high purity in the space and 
purging the space. Purge time and frequency are not necessarily 
evident; however, the relation between t ime/f requency and 

20 moisture elimination quantity may be determined beforehand by 

experiment using a real press machine, and they may be decided 
based on the results thereof. 

It should be appreciated that is it important to eliminate 
impurities just before performing the press lamination. Because, 

25 even if moisture is removed out of the space for performing the 

laminating press, impurities such as moisture deposit 
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instantaneously on the surface of a molded work if the same is 
exposed to the atmosphere during the ulterior transport to the 
space for performing the laminating press. It is the case even 
in a clean room. Nonetheless, the effect of the present 
invention can be achieved similarly in the case of eliminating 
impurities outside the space for press lamination and, 
thereafter, the molded work is contained in a transport box or 
the like whose inside is isolated from the atmosphere, and 
transported to the space for press lamination. 

As gas, a dry gas not containing moisture is preferable. 
Besides, it is preferable to use a heated gas. As for gas 
temperature, 60°C to 70°C is preferable. 

It should be appreciated that it is necessary to arrange 
disposing interstices between molded works in order to eliminate 
impurities in the space for performing the laminating press and, 
for instance, a hand for holding the molded work at the corner 
section or side face of the molded work may be provided in an 
advanceable /retractable state. The molded work, floats in a 
state placed on the hand, then gas is flowed in this state to 
remove impurities, and after impurity elimination, the hand is 
retracted, and molded works are laminated to each other before 
performing the press lamination. 
(Press Lamination) 

In the present invention, as pressurizing pressure for 
performing the press lamination, a pressure less than the related 
art, 15 kg/cm 2 is used preferably. A multilayered printed- 
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circuit board with good adhesion without swelling can be obtained 
even under such a low pressure. 

The press lamination may be performed by any of pin 
lamination method, mass lamination method, or sequential 
5 lamination method. 

( Lamina t ing apparatus ) 

Fig. 1 shows a producing apparatus of multilayered printed- 
circuit board according to an embodiment of the present 
invention . 

10 The apparatus comprises die covers 2a, 2b for laminating and 

pressurizing the molded works (for example, laminated sheets 
covered with copper for outer layer 4a, 4b, laminated sheets 
covered with copper for inner layer 6) , each other, and means for 
heating the molded works 4a, 4b, 6 (heater 7a, 7b) . A space 11 

15 for pressurizing the molded works 4a, 4b, 6 is closed and, at the 

same time, the closed space 11 is provided with an inlet 10 for 
introducing gas 13 therein and an outlet 9 for discharging the 
gas . 

In this example, the inlet 10 is disposed at two points, and 
20 arranged to flow the gas in parallel with the laminated surface 

of the molded works 4a, 4b, 6. Two or more inlets 10 may be 
installed. Besides, a heater 14 for heating the. gas is disposed 
in the middle of gas supply pipe 15. 

On the other hand, the outlet 9 is disposed at an opposed 
25 position across the inlet 10 and the space 11. Consequently, the 
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gas convection is reduced, and impurities are removed more 
efficiently . 

Examples 

(Example 1) 

5 Laminated sheets covered with copper for outer layer 4a, 4b, 

a laminated sheet covered with copper for outer layer 6 and a 
prepreg 5 as glue were prepared, stacked and perforated with a 
reference hole. 

In this example, epoxy resin was used for the outer layer 
10 material of the laminated sheet covered with copper for outer 

layer 4a, 4b and for the inner layer material of the laminated 
sheet covered with copper for inner layer 6. Also, as prepreg, a 
glass cloth impregnated with epoxy resin was used. 

After perforating the reference hole, only the laminated 
15 sheet covered with copper for inner layer 6 was taken out, and an 

inner layer pattern based on the design was formed. 

Then, the copper foil surface of the inner layer pattern was 
covered with black oxide as a roughening treatment. 

The prepreg was put between the laminated sheet covered with 
2 0 copper for inner layer 6 and the laminated sheet covered with 

copper for outer layer 4a, 4b. 

However, an interstice was provided between the laminated 
sheets covered with copper for outer layer 4a, 4b, laminated 
sheet covered with copper for outer layer 6 and prepreg 5 and 
25 gas introduced into the space 11 from the inlet 10 and heated to 

70°C circulated in parallel to the laminated face. It should be 
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appreciated that, for instance, the corner section of the sheet 
may made supportable by a point, in order to dispose a space 
between the laminated sheets covered with copper for outer layer, 
laminated sheet covered with copper for outer layer and prepreg 
5 to the gas . 

A guide pin was passed through the reference hole opened in 
the previous step, and a relative misregistration among 
respective layer conductor patterns is prevented. 

They (the lamination) are pressed by stainless steel board 
10 3a, 3b and press laminated. The temperature was 170°C, time 30 

min and pressure 15 kg/cm 2 . 

The quantity of resin forced out from the board end after 
the press lamination was measured to obtain 1 mm or less. 

Next, copper of the outer layer was etched by a publicly 
15 known method, to form a wiring pattern. 

The following tests were carried out for the multilayered 
printed-circuit board prepared as mentioned above. In short, the 
multilayered printed-circuit board was boiled for four (4) hours, 
dipped in a solder of 260°C for 20 sec, and exfoliation and 
2 0 swelling were observed. 

As the result of the test, no exfoliation and swelling were 
observed . 

It should be appreciated that, in the case of setting the 
pressurizing pressure to 10 kg/cm 2 , similarly, no exfoliation and 
25 swelling were observed, but in the case of setting to 8 kg/cm 2 , a 

slight swelling was observed. 

15 



(Example 2) 

In this example, the lamination was carried out by a 
sequential lamination method lamination method as shown in Fig. 
2 . 

5 In this example also, the quantity of forced out resin was 1 

mm or less between respective layers. 

In addition, no exfoliation and swelling were observed. 
(Example 3) 

In this example, a through hole 21 of 50 (im in diameter was 
10 formed in a laminated sheet of epoxy resin covered with copper 

(thickness 80 ^m) and filled with a copper paste 22 made of 
copper powder and cellulose, and dried. 

Moreover, a circuit pattern 2 3 was formed on the laminated 
sheet covered with copper 2 0 by a publicly known method, to 
15 obtain a single wiring board 24 (Fig. 3 (d) ) . 

Single circuit boards 24a, 24b are produced according to the 
same procedures as the above. 

Three (3) single wiring boards 24a, 24b, 24c and a prepreg 
were disposed in the apparatus producing a multilayered printed- 
20 circuit board shown in Fig. 1, and an argon gas of 10 ppb or less 

in impurity concentration was flowed into the space 11. The 
temperature of argon gas was set to 70 °C. 

Next, dies 2a, 2b were heated to 170 °C, and compressed by a 
pressurizing pressure 15 kg/cm 2 . The exfoliation and swelling 
25 test was conducted as in the example 1, and no exfoliation and 

swelling was observed. 
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On the other hand, deformation and misregistration of 
through hole conductor were measured, and the misregistration was 
found to be 20 fim or less. 

INDUSTRIAL APPLICABILITY 
5 According to the present invention, a multilayered printed- 

circuit board exempt of exfoliation and swelling and presenting 
considerably less misregistration of through hole conductors than 
the prior art can be produced. 

While this invention has been described as having a 
10 preferred design, the present invention can be further modified 

within the spirit and scope of this disclosure. This application 
is therefore intended to cover any variations, uses, or 
adaptations of the invention using its general principles. 
Further, this application is intended to cover such departures 
15 from the present disclosure as come within known or customary 

practice in the art to which this invention pertains and which 
fall within the limits of the appended claims. 
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